The Exeter hip implant was introduced into clinical practice in October 1970. Since then, there have been two minor changes in the design of the stem, two changes in the alloy from which the stem was manufactured and two changes in the surface finish of the stem. Throughout the 30 years since its introduction, the basic design of a collarless, double-wedge, tapered configuration has remained unchanged.
This paper is concerned with the polished, modular Exeter Universal stem (Fig. 1) , made of stainless steel, which was introduced at the beginning of 1988 and has since remained unchanged. The geometry of this stem (manufactured from Rex 734 1 ) is similar to that of the original polished Exeter stem (manufactured from EN58J
2 ) which was used between 1970 and the end of 1975, 3, 4 in that the taper is carried cranially on the anterior and posterior surfaces of the stem as far proximally as the base of the neck. This produces a double-tapered component throughout its length. By comparison with the original polished stem, the changes in the dimension of the Universal stem make it structurally stiffer, particularly proximally.
Our main emphasis was on the behaviour of the femoral component and our purpose twofold. First, we report our clinical experience with the first 325 Exeter Universal stems with a follow-up of eight to 12 years and, secondly, in view of the changes in geometry made to the stem, we have assessed whether it behaves in the same way as the original polished stem. 3, 4 Fig. 1a Photographs of the Exeter universal stem.
Patients and Methods
Between March 1988 and February 1990 we undertook 325 primary hip arthroplasties in 309 patients using the Exeter Universal stem (Stryker Howmedica Osteonics). This stem has a surface roughness (Ra), measured by a Surtronic 4 Taylsurf (Rank Taylor Hobson, UK) of 0.01 to 0.03 m (0.4 to 1.2 in), which is the same as the original polished stem 3, 4 and almost 100 times less rough than the mattsurfaced stem used between 1976 and 1985 which gave indifferent results. 5 All the initial clinical and operative data were collected prospectively. Clinical evaluation was by the grading system of Merle d'Aubigné and Postel as modified by Charnley 6 (surgeon-derived), and at review both the Harris 7 (in part patient-derived) and Oxford 8 (patient-derived) hip scores were also recorded. Radiographs before and after operation and at final review were examined jointly by three surgeons for evidence of failure of the socket or stem, migration at the cement-bone and stem-cement interfaces, the site and extent of lucent lines at the cement-bone interface, changes in the femoral neck, the presence of diaphyseal hypertrophy, and the presence of localised lysis. Following the advice of Murray, Carr and Bulstrode 9 we used the life-table method of survival analysis 9-11 with various endpoints. There were 133 arthroplasties in men and 192 in women. The mean age of the patients at the time of operation was 67.55 ± 12.79 (24 to 87) years; 31 were under the age of 50 years. The age distribution is shown in Table I . The mean weight of the patients at the time of operation was 68.9 ± 12.87 kg (38.6 to 105), the mean height 164.6 ± 9.4 cm (140 to 190) and the mean body mass index 25.36 ± 3.84 (15 to 38). The Charnley categories (A, B or C) and the preoperative status of the patients are summarised in Table  II and the pathology in Table III . Most patients had primary osteoarthritis. Consultant orthopaedic surgeons carried out 48% of the operations, senior registrars or registrars 41%, Fellows 9.5% and senior house officers 1.5%. General anaesthesia was used in 210, a combination of general and spinal anaesthesia in 103, and spinal anaesthesia alone in 12.
Operative technique. The posterior approach was used in 248 hips and the transgluteal (direct lateral) in 77. 12, 13 All cups were cemented, 94% being metal-backed. Most (97%) femoral components had heads of 26 mm diameter. Acetabular preparation involved removal of the curtain osteophyte and decortication (when feasible) of the acetabular walls and roof, leaving intact the cortical layer which runs cranially from the teardrop to the base of the curtain osteophyte. Multiple fixation pits were made. Preparation of the femoral canal was carried out using taper-pin reamers and broaches. Care was taken to leave a layer of cancellous bone inside the cortical margins. The broaches were oversized in relation to the proposed size of the stem in order, theoretically, to provide a thickness of cement mantle of not less than 4 mm proximally and medially and 1.5 to 2 mm elsewhere. All femora were occluded distally by an intramedullary plug. Simplex RO Cement (Stryker Corporation) was mixed manually at approximately 1 Hz for between 1.5 and 2 minutes. A so-called 'contemporary' cementing technique 14 was used incorporating the measures summarised in the report of the Swedish Hip Registry, 5 although no form of reduction of cement porosity was employed. The stems were inserted after fitting a hollow, distal centraliser manufactured from prepolymerised polymethylmethacrylate ( Fig. 2) , designed to prevent the stem from being end-bearing in the cement. Prophylactic intravenous antibiotics were given, in the form of cefuroxime (1.5 g) on induction of anaesthesia, and two subsequent doses of 750 mg at intervals of eight hours. Prophylaxis for deepvein thrombosis included early mobilisation, the wearing of elasticated stockings, and elevation of the foot of the bed in all patients. Heparin was given to eight patients, warfarin to 11, plaquenil to 144, and Persantin to one very high-risk patient.
Results

Clinical.
A total of 94 patients had died before a clinical and radiological review which was carried out in 1998, when there were 215 survivors. The mean follow-up at that time was 8.9 years. Of these, 200 were reviewed clinically, 14 were resident in nursing-homes and were not reviewed but were contacted and known to have no problems with their hips and one, who lived far from Exeter, was reviewed by her local orthopaedic surgeon. Subsequently, 52 patients have died. All surviving patients remain under review and the clinical data are updated at each visit. The fate of every implant is known and the survivorship now extends for 10 to 12 years.
The clinical status of the patients at their last follow-up is shown in Table II There were eight patients for whom a pain grading of t3 was recorded at the review. Of these, two were awaiting a revision of the socket, in one of whom this was a second revision after a previous revision for recurrent dislocation. Two others had already undergone revision of the socket without relief of symptoms. One of these had also had an inguinal hernia repaired for persistent groin pain without improvement. In three others, no clinical or radiological abnormality in the hip could be found. One patient developed intermittent pain in the thigh, after six years of complete relief from pain after the operation, associated with the development of diaphyseal hypertrophy in zone 5. Her pain has been relieved by the administration of antibiotics and she may have a low-grade infection. In a further patient, pain which had been present at review for this study, has subsequently subsided. It may not have been arising in the hip. These two hips would alter the survivorship curve, the endpoint of which is a pain grading of t3 (see Fig. 8 ). Radiological findings. Anteroposterior and lateral radiographs were examined in all hips and were available for 201 hips at the time of the review. At follow-up, migration of the socket was noted in 4% of hips, and radiolucent lines affecting all three zones in 17%. No focal pelvic osteolysis was seen.
Although there are doubts about the value of attempts to determine radiologically the quality of the cementing technique, [15] [16] [17] it was nevertheless assessed using the classification described by Barrack, Mulroy and Harris 18 been shown to be of value prognostically. 19 The incidence of the four grades is shown in Table IV . Since, however, the tip of every stem used with a hollow centraliser is not directly covered by cement, strictly speaking every hip was in grade D.
With regard to the alignment of the stem, the radiographs showed that 80% had been inserted within the range of 2°o f varus to 2° of valgus. Subsidence of the stem at the stem-cement interface was assessed by measuring the vertical dimension of the radiolucency craniolateral to the shoulder of the stem in zone 1, 20 as described by Fowler et al. 3 If this was impossible for technical reasons, such as when the shoulder of the stem projected above the most proximal cement, subsidence was assessed by the change in the distance between the tip of the stem and the inferior pole of the centraliser, when comparing the postoperative and the latest radiographs ( Figs 3 and 4) . Subsidence was measured in 196 hips. In five hips, because of inadequate radiographs, neither method could be used. The incidence and extent of subsidence at this interface are shown in Table IV . The mean subsidence of the stem within the cement at eight to ten years was 1.32 mm. The mean subsidence within the cement in Barrack grade A, B and C hips was 1.09 ± 0.42, 1.31 ± 1.6 and 1.43 ± 0.85 mm, respectively. It was not possible to identify any hip in which migration had occurred at the cement-bone interface. Postoperative radiographs of a 51-year-old man showing a) a virtual 'white-out' at two months and b) appearance at ten years with a clinical grading of 6, 6, 6. The patient does heavy manual labour. Slight subsidence of the stem within the cement is indicated by the radiolucent line above the shoulder of the stem in zone 1 and by the reduction in the distance between the tip of the stem and the distal end of the centraliser. Obvious fracture of the cement mantle was noted at review in one patient whose hip was painless for nine years after operation. She then fell, the hip became painful, and a radiograph showed that the cement mantle had split and the stem had rotated. Her pain grading was 4 after this fall although at review at 11.5 years she had again become asymptomatic. Subsidence of the stem within the cement was then 3.4 mm. No hip showed 'punch-out' 21 cement fractures. The definition of radiolucent lines which we used is that described by Kobayashi et al; 22 a radiolucent line (linear radiolucency) adjacent to a sclerotic line. It is important to note that this definition is not the same as that used in the Barrack classification of cementing. 18 Radiolucent lines were present in relation to 18 stems, but were not seen in 182. The sites and widths of the radiolucent lines and the extent of the interface affected are summarised in Table  V. Radiographs also revealed loss of height of the medial femoral neck (the 'calcar') in some patients, together with erosions of the superior surface of the neck and cystic change (Table IV) . Diaphyseal hypertrophy was present in ten patients (5%), but extended into zone 4 in only four.
Localised endosteal femoral lysis was defined as any non-linear radiolucency at the cement-bone interface, which is a definition derived from that used by Sporer et al. 23 This was seen in one hip in zone 9 24 and was first noticed on the lateral radiographs at five years. This makes an incidence of 0.5% in the surviving patients at eight to ten years. The lesion has increased slightly in size, but is still only visible on the lateral radiograph, and has not increased during the last 2.5 years. Survivorship. Contingency tables and survivorship curves have been constructed for different endpoints. Since no hips were lost to follow-up, only the survivorship curves are presented. The endpoints include: failure defined as reoperation for any reason, including aseptic loosening, recurrent dislocation, infection, periprosthetic fracture, excision of ectopic bone or cement (Fig. 5) ; revision for aseptic loosening of the stem (Fig. 6) ; revision for aseptic loosening of the cup (Fig. 7) ; pain grading of t3 (Fig. 8) ; 25 and localised endosteal femoral lysis (Fig. 9 ) since this is held to be a poor prognostic feature in cemented hip arthroplasty. 26 Since the fate of every implant is known, the lost-to-follow-up quotient is 0 and a survivorship based on the 'worst-case scenario' 27 would be the same as that shown in Figure 5 . Confidence limits were calculated for the survivorship curves in Figures 5 and 8 Years since operation Survivorship (%) 4 to 5 3 to 4 2 to 3 1 to 2 0 to 1 ure was low. Since the patients in this series remain under regular review and their current status is known, all the survivorship curves, except those with the endpoints of localised osteolysis and a pain grading of t3, extend to 10 to 12 years.
The postoperative complications are summarised in Table VI . No stems have been revised for aseptic loosening. There were no fractures of the stem. Five sockets were revised as a consequence of dislocation, one immediately and four after recurrent dislocation. Four sockets were revised for loosening before the review in 1998. In addition, three sockets which were loose at the time of review have now been revised. The details are shown in Table VII . There were no injuries to peripheral nerves with residual sequelae. Heterotopic ossification based on the classification of Brooker et al 30 is summarised in Table VIII .
Discussion
Certain aspects of these results are worthy of discussion. All the sockets which have been revised, four by the time of the review and three more since then (Table VII) Survivorship curve for a series of 325 Exeter Universal hips with the endpoint of reoperation for aseptic loosening of the cup. In this series, as in the original series of Exeter polished stems, 3 a significant degree of loss of height of the medial femoral neck was uncommon (Table IV) and of the two hips which lost more than 5 mm, both had had revisions of the socket.
In the present series the incidence of diaphyseal hypertrophy was 5%. This compares with 30% in the original Exeter polished stems at follow-up of five to ten years. 3 The original stem was similar to but less stiff than the present Universal stem and manufactured from a weaker alloy. The main difference between the original and the present series is the different cementing techniques which were used. The marked difference in the response of the femur is probably due to the way in which the cement was applied. The reduction in diaphyseal hypertrophy in the Universal series was due to better cement filling of the proximal third of the femur than in the original series. These matters are highly relevant to any theoretical analysis of the function of cemented femoral components.
The low incidence (0.5%) of localised femoral osteolysis Survivorship curve for a series of 325 Exeter Universal hips with the endpoint of localised endosteal femoral lysis as visible on anteroposterior or lateral radiographs. in this series is probably due to two factors. First, stems of this geometry and surface finish, given reasonably accurate insertion, are able to seal off the stem-cement interface to the access of fluid from the joint space 34, 35 by subsiding within the cement mantle. This prevents the egress of fluid and debris from the stem-cement interface onto the endosteal surface of the femur at the sites of defects in the cement mantle. 36 Secondly, the polished stem surface minimises the production of debris at this interface. 36 The mean difference in subsidence of the stem within the cement between Barrack 18 grade-A and grade-C hips is statistically significant (p = 0.03). The mean pain score in these three grades does not reach statistical significance. Thus, the grade of cementing has an effect on subsidence of the stem within the cement, although not on the pain score. Subsidence of the stem within the cement likewise does not significantly influence the pain score (one-way analysis of variance, p = 0.194). One patient, whose stem subsided 6mm within the cement, is free from pain. Five of the six patients in whom subsidence of the stem within the cement could not be measured had a pain score of 6. The sixth had a pain score of 5. Subsidence of the stem within the cement occurred in all hips in this series and was more common than in the original Exeter series of polished stems at the same stage of follow-up, 3 although its extent was less. This is in part due to the different type of centraliser which was used and in part to the improved cementing in the present series (Fig.   2 ). The metal centraliser used in the original series resisted subsidence of the stem within the cement.
The most common complication in this series has been dislocation. This occurred in 16 hips, and became recurrent in eight. From 1970 to 1988, the Exeter cups (30 mm internal diameter) were very eccentric with cover of the head of over 180° and had a substantial skirt on the convex side of the eccentricity. The latter was introduced in an effort to provide a thick layer of polyethylene in the projected wear path of the 30 mm head without requiring an extremely large outside diameter for the cup. This design feature proved to be misplaced 37 and was abandoned in 1988 when a concentric cup with reduced cover of the head (165°), a smaller skirt, and a head size of 26 mm was introduced. The introduction of this cup in association with the 26 mm head led to the dislocations seen in this series. The problem persisted until it was realised that orientation of this cup was more critical than with the deeper, eccentric cups which had been previously used.
Considering that surgeons of widely differing experience have been involved in this series, the behaviour of the femoral component is very satisfactory. The extent to which these results are a consequence of 'contemporary' cementing technique, and the extent to which they are associated with the design of the stem and surface finish is uncertain. Even in the original Exeter series, 3, 4 with a catholic group of surgeons and crude cementing, the rate of failure of the stem from aseptic loosening was low (1.64% at 11 to 16 years). Moreover, in this series, unlike the recent study of the Charnley stem, 19 Barrack grade-C cementing has not been associated with an increased risk of loosening. Thus, the part played by the polished, double-wedge tapered geometry in contributing to these outcomes should not be underestimated.
That the Exeter polished stem is functionally distinct from the more conventional cemented stem is strongly supported by two clinical facts. First, its observed migra- [44] [45] [46] [47] [48] [49] In one report, 44 the risk of failure from aseptic loosening of the stem when Boneloc cement was used was eight times higher with the Charnley stem than with the Exeter stem at a follow-up of five years. These facts, and especially the results with Boneloc, support the view that the polished Exeter stem transfers load through the cement and into the femur in a way which is different from the conventional stem. Its behaviour can be explained on the basis that, as Shen 50 suggested, it functions on what he termed the 'taper-slip' basis. Subsidence of the stem within the cement represents engagement of the taper of the stem and, as a 'force-closed' 51 design, the device depends for its stability on this subsidence. The energy expended in producing this subsidence at the stem-cement interface is not available to challenge the interface between the cement and the bone. In this sense, movement at one interface may protect the other. Such subsidence is of fundamental importance to the overall mechanical behaviour of this type of stem since it produces tensile hoop strain in the cement. This persists through periods of relative or absolute unloading, as during sleep, and thus creates the circumstances in which hoop tensile stress relaxation occurs in the cement mantle. [52] [53] [54] This combines with the subsidence of the taper to generate a loading regime that is dominated by compression [54] [55] [56] [57] and contributes to the overall stability of the stem, especially in torsion. 42, 58 It also helps to explain the benign radiological appearances seen in this series (Figs 3b and 4b) , especially in the younger and more active patients, and the absence of an adverse prognosis, with respect to subsequent loosening, 19 of Barrack grades C and D cementing in association with the Exeter Universal stem. The part played by the viscoelastic properties of acrylic cement in accommodating this subsidence remains controversial, 59, 60 although the fact that the viscoelastic behaviour of Boneloc is marked because of its butylmethacrylate content 61 may be a reason why the Exeter stem has survived uniquely well with that cement. The polished stem surface ensures that surface damage to the cement as the stem subsides is minimised. 62, 63 This stem behaviour confirms the view 64 that the generally accepted definitions of 'definite loosening', 'probable loosening' and 'possible loosening' 65 cannot be reasonably applied to the polished Exeter stem. According to these definitions, any visible migration of the component is defined as 'definite loosening'. This would mean that every hip in this series was 'definitely loose', a clearly untenable suggestion. Our experience to date suggests that the Exeter Universal stem functions in the same way as the original Exeter polished stem 3 and gives grounds for optimism with regard to its long-term function, especially when viewed in the light of the favourable long-term behaviour of the original. 3, 4 These authors acknowledge with gratitude the help of Professor David Murray, Dr Michael Greko and Dr Katrina Wyatt with the statistical aspects of this paper. The fact that no hips have been lost to follow-up is largely due to the conscientious work of Mrs R. Sculpher and Mrs Sandy Wraight in the Hip Unit at the Princess Elizabeth Orthopaedic Centre, Exeter.
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